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Ir. 

~ 

BBEtlEHHE 

B Te4eHlo1e pRAa neTo CTaTlo1CTlo14eCKafl Mogenb ycnewHO lo1cnonb3yéT,

ca AnR onucaaaa npouecca AeB036Y>KA~HHfl COCTaBHblX flAep, 06pa3YIO

IiV'IXCfl B peaxuaax B3alo1MOAe~CTBHfl flAep c Tfl>KenblMH lo10HaMlo1 npa auep

rlo1flX BnnOTb AO -10 M3B/HYKnoH. THnlo14H~Mlo1 KaHanaMH pacnaAa co

CTaBHbfX flAep ,0 paccMaTpHBaeMbIMlo1 B c r arac r auecxoã MOAenH,. flBnfllOTCR 

nlo160 lo1cnapeHKe He~TpoHoB, ~POTOHOB, Ae~TpoHoB, anb$a-4aCTlo1Lt, 

nlo160 Clo1MMeTplo14Hoe neneuae B036Y>K,QeHHbIX flAep. nplo14eM TaKlo1M ~P8~

HHM clo1TyaLtlo1flM B'cTaT~cTlo14ecKo~ MOAenlo1 COOTBeTcTBYIOT ABa pa3

nlo14HblX nonxona • Hcnapl.1TenbHaR MoAenb OCHOBblBaeTCfl Ha $opManli13Me 

Ba~CKon$a lo1 3BHHra/l~ KorAa lo1cnonb3yeTcfl nplo1HLtlo1n AeTanbHoro 

paBHOBeClo1fl lo1 BepoflTHOCTb pacnaAa CBfl3aHa c nnOTHOCTblO COCTOfl

Hlo1~ OCTaT04HblX flAep lo1 ce4eHlo1eM 3aXBaTa lo1cnYCKaeMblx 4aCTlo1Lt OCTa

T04HblM flApOM. B TO >Ke BpeMfl npo~ecc AeneHlo1fl flAep paCCMaTplo1BaeT

Cfl B $opManK3Me 60pa lo1 Ylo1nnepa/2~ rAe BepOflTHOCTb AcneHlo1fl onpe

AenfleTCfl nnOTHQCTblO YPoBHe~ B ceAnoBo~ T04.Ke nOTeH~lo1anbHo~ 3Hep

rMlo1 RApa KaK $YHK~lo1lo1 Ae$opMa~lo1lo1, a BMeCTo'3Heprlo1lo1 4aCTlo1Ltbl H ce

4eHlo1fl ee 3aXBaTa CTOlo1T CKOpOCTb ABlo1>KeHlo1fl Clo1CTeMbl B HanpaBneHlo1lo1 

AenHTenbHO~ KooPAHHaTbI p. 
BMeCTe c TeM H3BeCTHO, 4TO B peaKLtHflX c Tfl>KenblMH HOHaMH 

Ha6nlOAaeTCfl 60nbWO~ BblXOA 3apfl>KeHHblX 4aCTH~, KOTO.pbl~ B OCHOBHOM 

CBfl3blBaeTCR c npflMblMH peaK~lo1flMH HnH peaK~HflMH rny60KoHeynpyrlo1x 

nepeAa4. OAHaKO B nocneAHlo1e rOAbI AeTanbHoe lo13y4eHKe xapaKTeplo1

CTHK peaKLtH~, BeAY~HX K 06pa30BaHHIO 3apfl>KeHHblX 4aCTH~, nOKa3ano, 

4TO cy~ecTBeHHaR 4aCTb ce4eHHfl 06pa30BaHHfl 3apfl>KCHHb1X 4aCTlo1~ 

/B AanbHe~weM 6YAeM Ha3b1BaTb HX KIlaCTepaMH/ CBfl3aHa c pacnaAOM 
AOnrO>KHBy~e~ COCTaBHO~ CHCTeM~. H, HaKO~eLt, B pa60Te ~I ~b1nH . 

lo13MepeH~ $YHK~HK B036Y>KAeHlo1fl AIlfl BblneTa KnaCTepOB c Z = 37 1t 
B peaK~HH Ag « 3 He H ,3KcnepHMeHTanbHO AOKa~aHO, 4TO xnac t epu , 

BblneTalO~He B 3aAHIOIO nonyc$epy 16 F 120 7160°/, CBfl3aHbI c pacna

AOM B036Y>KAeHHblX COCT8BHblX RAep~ 

3TH pa60TbI nocneAHHX neT noBblClo1nH lo1HTepec K TeopeTH4ecKoMy 

paCCMOTpeHHIO npo~ecca HcnYCKaHHfl KnaCTepOB /flAep npOMe>KYT04HO~ 

MaCCbl Me>KAY ner4a~WHMH 4aCTH~aMlo1 lo1 OCKo'.nKaMlo1 AeneHHfl/. B pa6o

Tax~·51 6b1n pa3BHT eAHHbI~ nOAxOA K MexaHlo13MY lo1cnYCKaHHfl KnaCTe

POB H AeneHHfl flAep, B KOTOpOM OCHOBHblM $aKTopOM, BnHfllO~lo1M Ha 

OTHoweHlo1e BblXOAOB pa3nH4HblX no Macce 4aCTlo1~, flBnfleTCfl 6apbep 

AeneHHfl Ha ABa OCKonKa pa3nH4HO~ MaCCbI. TaKO~ AenHTenbHbI~ nOA

xOA K HcnYCKaHlo1~ KnaCTepOB 6b1n AOBonbHO ycnewHo nplo1MeHeH Anfl 

onlo1caHlo1fl $YHK~lo1~ B036Y>KAeHHfl B peaK~Hlo1 Ag « 3He . Hcnonb30BanOCb 

CTaHAapTHoe BbIPa>KeH~~IBH.~i1:!!!. /pa"CCMaTpIt1BaIlCflIlIlWVI lo1. Hbl . e···· Ril"-IIUJI' 
, ~ Dtt.1eIlonwQ ~ 1 

"'IIÃJ11l" .....AIoo...,....r, A. 



TonbKO BKnaA AeneHHR AO HcnapeHHR He~Tpo~oB/ 

E-B Z 
I =_!_- f p (E-B -t<)d€ , 

z 27Tp(E) o z z 

rne p(E)- nnOTHOCTb YPOBHe~ COCTaBHoro RApa, Bz - ycnoanas Be
nH4HHa 6apbepa AeneHHR, KOTopaR Hcnonb30BanaCb KaK nOArOH04Hbl~ 

napaaerp , p z{E-B z € ) - nnOTHOCTb YPOBHe~ B ceAnOBO~ T04Ke c KH
HeTH4eCKO~ 3HeprHe~ € B AenHTenbHOM KaHane. BTOPblM nOArOH04HblM 
napaMeTpOM 6~no OTHoweHHe napaMeTpOB nnoTHoCTH AnR paBHOBeCHoro 
COCTaBHoro RApa H B ce'AnOBO~ To4Ke, T. e. OTHoweHHe a Z ,á n' B lle
nOM 6~no nOnY4eHo xopowee onHcaHHe 3KcnepHMeHTah~H~x ~aHH~x, 

XOTR HMen~tb HeKOTop~e ~eperynRpH~e BapHallHH napaMeTpOB AnR 
Ka~Aoro THna KnacTepoB. HeAasHo nORBHnaCb pa60Ta ~~ B KOTOpO~ 
npoaeneuu oacveru õaps eooe AeneHHR AnR RAep 111 In B MoAenH 
~HAKO~ KannH c Y4eTOM AH$$Y3HO~ nOBepXHOCTH RApa H orpaHH4eHHO
CTH 06naCTH Ae~CTBHR RAepHblX CHn.' J.1 r a-ose nonyveuo -rennoxoe 
COOTBeTcTBHe Me~AY 3KcnepHMeHTanbH~MH H paC4eTH~MH 6aPbepaMH 
AeneHHR. BMeCTe c TeM anbTepHaTHBH~M nOAxoAOM K ónHcaHH~ npo
llecca HcnYCKaHHR KnaCTepOB RBnReTCR 06~4HaR HcnapHTenbHaR MO
Aenb. ~ pa60Te nl 6~n n~OBeAeH aHanH3 B03MO~HOCTH HcnabeH~R 
khacrepoa c Z > 2 H3 B036Y~AeHHblx coc r aaaux RAep c oonbwHM yr
nOBblM MoMeHTOM. 

Uenb~ AaHHo~ pa6oT~ RBnRnricb B~RCHeHHe B03MO~HOCTH K6nH4ecT
seuuor-o onHcaHHR HMe~U4HXCfI B HaCTORU4ee BpeMR '3KcnepHMeHTanbHblx 
AaHH~X no B~nciTY paBHoB~cH~X KnaCTepOB Ha OCHOBe HcnapHTen~Ho~ 

MOAenH. 

PAC4~T CE4EHJ.1~ 05PA30BAHJ.1~ HCnAPJ.1TEnbH~X' KnACTEPOB 

PaC4eT~ npoBoAHnHCb c nOMoU4b~ nporpaMM~, AeTanbHO onHcaHHO~ 

B pa60Tax~·91 H MOAH$HllHpoBaHHo~ AnR pac4eTa,ce4eHH~ HcnapeHHR 
xnac r epoa c Z = 3~11 H3 COCTaBHblX RAep. VicnapHTenbHble WHpHHbl 
AnR HYKnOHOB H RAep 3-9 He , 4-10 Li, 7-1~e,9-14 B , 10-16 C , 
13-18N ,14- 2 1 0 , 17-23 F , 18-25Ne, 22-27 Na pacc-nrtuaanucs no oop
Myne 

E-E(~~ -E(e )	 mm v (e) 
IvA(E)-	 (2e A+l)(2Sv+l)llv f pv\E-E min -Ev-€~€'(Tv(t<)d€, /1/

o 

rAe Sv ,Ev H ~v - cnHH, 3HeprHR CBR3H H npHBeAeHHaR Macca 4ac
THll~v ,(Tv(€)- ce4eHHe 06paTHO~ péaKllHH 3aXBaTa 4aCTHll~ v C 3Hep
rHe~ ( (AnR n, p ce4eHHe 06paTHO~ peaKllHH paCC4HT~BaeTCR no on
TH4eCKO~ MOAenH, AnR 60nee TRmen~x 4aCTHll - no MOAenH pe3Koro 
KpaR c napaMeTpaMH, npeAnomeHH~MH B pa60Te/W~.nnOTHOCTb YPOBHe~ 
6panaCb no MOAenH $epMH-ra3a, B napaMeTpe nnOTHOCTH YPOBHe~ $e
HOMeHonorH4eCKH Y4HT~Ba~TCR 060n04e4H~e 3$$eKT~/1V 

2 

av(E*)= (A-Av)[ã -6.3(A-Av)H)-5](1 + (1-exp(-O.054E* )~(A-A~~~_-Zv!...)./2/
E* 

rne I'1W(A-Av.Z- Z,/r oõonovevuaa nonpaaxa- Anf OCTaT04Horo R,qpa 
c paeaoaecuoã Ae$OpMallHe~. npH pacver e r v( pJ no $opMyne /1 '! 
Y4HT~BanHCb cneAY~U4He $aKTop~: 

a/ BenH4HHa KY110HOBCKoro õaps epa AnR aanera xnacr epa H3 co
CTaBHoro RApa Mo~eT MeHRTbCR B 3aBHéHMOCTH OT yrnoBoro MOMeH
Ta f. T.K. MeHReTCR paBHOBeCHaR $opMa oCTaT04Horo RApa 

e
2 ZveZ -Zv )

Bv = ---------------', /3/
Rv + RA- V + 1.6 

/ 1/3 
rne Rv = r A1 3 ,a RA- V = (A-Av) [r o + De r ], Df r Y4HTblBaeTo v 
paBHOBeCHYIO ,qe$opMablH~ RApa-ocTaTKa, HMe~U4ero yrnoBo~ MOMeHT r. 

, /12/
BenH4HHa Der, paCC4HTblBaeTCR no Mo,qenH CP S . 

6/ 3HeprHR BpaU4eHHR AnR OCTaT04Horo R,qpa c yrnoB~M MOMeH
TOM f H COOTBeTCTBY~U4e~ paBHOBeCHO~ ,qe$OpMallHe~ OTnH4aeTCR OT 
3HeprHH BpaU4eHHR Hcxo,qHoro COCTaBHoro RApa c yrnoBblM MoMeHTOM 
f A. n03TOMY AnR Kám,qoro KaHana HcnapeHHR KnaCTepa Heo6xo,qHMO 
nepeonpeAenHTb TennoBY~ 3HeprH~ OCTaT04Horo R,qpa. AnR ynpoU4e
HHR oacuer oa ~bl npennonarana , 4TO f 1/ =Av H, COOTBeTCTBeHHO, 
f-=e A - el/ ,E~i)n - 3HeprHR BpaU4eHHR paBHOBeCHO Ae$opMHpOBaHHoro 
R,qpa, paCC4HTblBaeMaR no Mo,qenH CPS. AenHTenbHaR WHpHHa paCC4H
T~BaeTCR no $opMyne 

(eA ) E - E s ,p .(f A ) 

if'f (E) - (2 f A + 1 ) f P f (E -E ( f ) - e )d ( , /4 / o s.p. 

r,qe 
CPS exp

E s .p . (f A) = (f A) + B f ( f A)' Bf(fAl=B f (f A ) - I'1 W (Z,A),E mi n 

CPS exp
B f Cf N- õapsep AeneHHR RApa c yrnOBblM MOMeHTOM eA ,I'1W (Z,A)
~KcnepHMeHTanbHoe 3Ha4eHHe o6ono4e4Ho~ nonpaBKH AnR COCTaBHoro 
RApa B OCHOBHOM COCTORHHH, paBHoe pa3HOCTH 3KcnepHMeHTanbHO~ 

~ mHAKOKanenbHO~ Macc. 
OKOH4aTenbHaR $opMyna AnR paC4eT0B C~4eHH~ HcnapeHHR KnaCTe

POB H3 COCTaBHoro R,qpa c Y4eTOM HeCKonbKHX cTyneHe~ He~TpOHHoro 

HcnapHTenbHoro KacKaAa MomeT 6b1Tb npeACTaBneHa B BH,qe 
ekp m I (i) i-1 r (k e 

av= l=o a! ~o -r (i ;:_l'~e~-i---ili- ~o -~-(k)-:~!..i"'-~-(k)--:-i-r-,(k) , / 5/ 
r, e n(p),t v v,e f,e n p n(p),e v J/;f

f n.p	 • 
rAe (Te - napllHanbHoe ce4eHHe o6pa30BaHHR coCTaBHoro RApa, pac
C4HTblBaeMoe c Hcnonb30BaHHeM Ae~CTBHTenbHO~ 4acTH onTH4eCKQro 
nOTeHllHana~3~ m- 4Hcno	 cTyneHe~ He~TpOHHoro HcnapHTenbHoro 
KaCKaAa. PaC4eTbI npOBOARTCR AnR KamAoro f c waroM no 3HeprHH 
B036Y~AeHHR B 1 M3S. 3 



AHAJlH3 3KCnEPHMEHTAJlbHblX" AÀHHbtX 

Dbl11li1 npoaeneuu pacueru Ce4eHJ.1I::t J.1CnapeHJ.1R K11aCTepOB c Z = 
3+11 J.13 COCTaBHblX RAe~, 06pa3Y~~J.1XCR B peaK~J.1RX Ag+ 3He npJ.1 

3HeprJ.1RX 3He B' AJ.1ana30He OT 50 AO 130 M3B 1.31, a TaK>Ke B peaKl\J.1RX 
Ag « 40 Ar , 154Srn + 40 Ar J.1 197Au « 40Ar npJ.1 3HeprJ.1J.1 J.10HOB 40Ar, 
paBHo~ 336 M3B 114/. Halt16011ee n011HaR 3KCnepJ.1MeHTa11~HaR J.1H<t>opMal\J.1R 
n011Y4eHa B pea~l\It1J.1 Ag+ 3 He , A11R KOTOPO~ J.13MepeHbI <t>YHKl\It1J.1 B03
6Y>KAeHJ.1~ 06pa30BaHi'ÍR paBHOBeCHblX KIlaCTepOB B WJ.1POi<OM J.1HTepBa11e 
3H~prJ.1~ 3He.!<POMe toro, J.13MepeHJ.1e BblXOAa K11aCTepoB'B '3aAHeH 
nonycoepe n03B011ReT 6blAe11J.1Tb T011b KO pa BHoBecHYIÓ t<OMnOHeHTY, 
a TaK KaK A11R 1t10Ha 3He peaKl\J.1~ MHorOHYK110HHblX' nepeAa4 Aa~T 'Md
11bll71 BK11aA' B n011Hoe C~4eHJ.1e, TO B 3T.OM C11Y4ae c BbICOKOi1 CTÉ~neHblO 

AoCTOBepHOCTJ.1 MO>KHO C4J.1TaTb, 4TO KIlaCTepbl J.1CnYCKa~TCR B036Y>K
AeHHbIMJ.1 'COCTaBHbIMJ.1 RAPaMJ.1., Ha 'pJ.1c.,l npeACTaB11eHO 'CpásHéHlÍle:pe
3Y11bTaTOB pacve ra ,c 3KCnepJ.1MeHTa11bHbIMJ.1 $YHKl\J.1RMJ.1 B036Y>KAeHJ.1R. 
TaK >Ke, KaK J.1 B. pa60Te~~ M~ A11a Bcex ~HeprJ.1~ C4J.1Ta11J.1 ekp ~ 16 
/J.1CK11~4eHJ.1e caenaao rons xo A11R 13à M3B, rAe ~kp,= 19/. OTMeTJ.1M, 
4TO Y COCTaBHoro, RApa Ip, 06pa3y~~erocR B 3T0l71 peaK~J.1J.1, yr11oBo~ 

MOMeHT Ma11, n03TOMY Hecy~ecTBeH Y4eT 3<t><t>eKTOB, cBR3aHHblX c yr110
BblM MOMeHTOM, Ae11eHJ.1e TaK>Ke He B11J.1ReT Ha KOHe4Hble pe3Y11bTaTbI. 
Pe3Y11bTaTbI paC4eTOB ~aJ.16011ee 4YBCTBJ.1Te11bHbI ~ napaMeTpy n11oTHO
CTJ.1 ã J.1 K BenJ.14lt1He ro , BXOAR~e~ B <t>OPMY11Y A11R KY110HOBCKoro 6apbe
pa B3aJ.1MOAe~CTBJ.1R K11aCTepOB J.1 OCTaT04Horo RApa /3/. HaH11Y4wee 
cor11aCJ.1e a6C011~THbIX Be11J.14J.1H n011Y4eHO npa ã == O, 11 J.1 r O = 1 ,25 <t>M, 
APyrJ.1X cBo60AHblX napaaerpos B cac-rerax He 6bl110 /A11R RAep 
Be BK11aA OT J.130TOna 8Be He Yl.H-1TbIBa11cR/. 

PaC4eTbI nbKa3a11J.1, 4TO B BblXOA AaHHoro Z Aa~T CpaBHJ.1Mblij BK11aA 
HeCK011b KO lt1aOTonoB. Ha pJ.1c.2 'npHBeAeH pac4eTHblI71 BK11aA pa311J.14HblX 
1t130TOnOB ~11àcTep'oB Z = 6 J.1 Z = 10 npi-1 3HeprJ.1J.1 3He , paBHO~ 
90 MaB. Cpaay OTMeTJ.1M, 4TO B <t>op~YI1e /1/ Ba>KHYro p011b J.1rpaeT <t>aK
TOp (281/ + 1), cBR3aHHbI~ c BI-lYTpeHHJ.1M CnJ.1HOM 4aCTJ.1l\, KOTOPblI71Mb
>KeT MeHRTbCR OT 1 AO BeIlJ.14J.1H nopRAKa 5+9 A11R pa311J.14HblX J.130TonoB. 
B paõor e 171 BbICKa3b1Ba110Cb onaceuae , 4TO BBeAeHJ.1e MHO>KHTe11R 
(281/ +1) A11R J.130TOnOB c BbICOKJ.1M CnJ.1HOM MO>KeT nepeouexars BK11aA 
3TJ.1X J.130rOnOB ~ n011Hbll71 BI:iIXOA «nacr epoa c AaHHblM Z. J.1 noennara
110Cb Be11J.14J.1HY (2SI/ + 1) õpa r s H~ 6011bwe 3. Pé;lC4eTbI nOKaaa11J.1, 4TO 
npaBJ.111bHbll71 Y4eT oaxroooe (2SI/ + 1) Y11Y4wa~T cor'necae c axcnepu
MeHTa11bHbIMJ.1 <t>YHKl\I-1RMJ.1 B036Y>KAeHJ.1R. Ha PJ.1C.5 .noxaaau BK11aA paa
11J.14HbIX cryneueã He~TpoHHoro J.1CnapJ.1Te11bHoro Í<acKaAaB n011Hb1171 

BblXOA «nacr epoa c Z = 3,5,7 n pJ.1 3HeprJ.1J.1 90 M3B. BJ.1AHO, 4TO cy
U\eCTBeHHaR AOnR Ce4eHJ.1R /- 30%/ CBR3aHa c Bbl11eTOM K11actepoB noc
11e J.1CnapeHJ.1R HeCK011bKJ.1X Hel71TpoHoB. ~011R K11aCTepOB, J.1CnapJ.1BWJ.1XCR 
AO Bbl11eta nepsoro Hel71TpoHa, MOHOTOHHO naAaeT npJ.1 YBe11J.14eHJ.1J.1 
3HeprJ.1J.1 B036Y>KAeHJ.1R OT 50 AO 130 M3B. D011ee C110>KHaR CJ.1Tya~J.1R 

B03H~KaeT npJ.1 aHa11J.13e BblXOAa K11aCTepOB B peaKl\J.1RX c J.10HaMJ.1 ap
rOHa. OTO>KAeCTB11eHJ.1e A011rO>KJ.1ByU\el71 npOMe>KYT04Hol71 CJ.1CTeMbl, Aa~U\e~ 

BK11aA B BblXOA KIlaCTepOB B 3aAHeH nonyceepe , c COCTaBHblM RAPOM , ,.. 
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PHe.l. 3aBHcHMoCTh nonHoro ce
qeHHH 06pp30BaHHH KnacTepoB OT 
3HeprHH HOHOB 1He B naõopaTop
nOH CHCTeMe B peaKLJ;HH Ag , 3He . 
TOqKH cooTBeTcTBywT 3KcrrepHMen
'PaJIbHhIM p;aHHhIM /31. xpnasre - pe
3YJ1bTaThI pacue r-a no HcrrapHTeJIb
HOH Mop;enH. 
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PHc.2. PaCqeTHwft BKn~A pa3JIHq~ ~ 
HhlX H30TorroB B nornrua BhIXOP; 
KJIaCTepoB c Z = 6 H 10 B peaK
~HH Ag + 3 He npn 3HeprHH HOHOB 5 

~e, paBHoft 90. M3B B JIa60paTop
HOH CHCTeMe. 

RB11RerCR 6011ee np0611eMaTJ.14HbIM, 4eM B cnyuae peaKl\J.1~ c Srie, 0AHa
Ko pac4eT no J.1CnapJ.1Ten~HO~ MOAe11J.1 ~ B 3TOM CI1Y4ae npJ.1BoAJ.1T 
K YAoBneTBOpJ.1Te11bHoMy COr11aCJ.1~ c 3KCnepJ.1MeHTa11bHblMJ.1 AaHHblMJ.1. 
Ha pJ.1c.3 npeACTaB11eHO cpaBHeHJ.1e pe3Y11b~aToB pac4eTa c J.1Me~U\~
MJ.1CR aKCnepJ.1MeH~a11~HblMJ.1 AaHHblMJ.1. A11R Bcex peaKl\J.1171 ~kp 6pa11ocb 
paBHblM 7IT. TaK KaK Bce COCTaBHble RApa, 06pa3Y~U\J.1eCR B 3TJ.1X 
peaKl\J.1RX, 06riaAa~T 6011bWO~ Ae11J.1MOCTb~, TO peaY11bTaTbl paC4eTOB 
cna60 3aBJ.1CRT OT Bbl60pa ~kp. 3Ha4J.1Te11bHaR .paBHOBeCHaR Ae~opMa
l\J.1f1 COCTaBHoro RApa, 11J.160 A011rO>KJ.1ByU\e~ npOMe>KYT04HO~ CJ.1CTeMbI, 
06pa3Y~U\J.1XCR B peaKl\J.1RX c J.10HaMJ.1 4OAr, npJ.1BOAJ.1T K aaMeTHOMY no

J
 HJ.1>KeHJ.1~ KY110HOBCKoro 6apbepa A11R Bbl11eTa K11aCTepa. 3<t><t>eKTJ.1BHO
 
3TO nOHJ.1>KeHJ.1e 6apbepa MO>KHO Y4eCTb nYTeM YBe11J.14eHJ.1R napaMeTpa 
r o · PaC4eTbI nOKa3a11J.1, 4TO HaJ.111Y4wee CornaCJ.1e c aKCnepJ.1MeHTOM 
A11R peaKl\J.1J.1 c 40Ar nonyvaetcn npa r O = 1 ,32 /HanOMJ.1HaeM, 4TO 
A11R peaKl\J.1J.1 c 3 He ro = 1,25/. 
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paCqeTa, B KOTOpOM yqHTW 90 M3B B na6opaTopHOa cHcTeM~.t'Horo R~pa, H 6e3 Y4eTa BIlHRHHR 3THX ~aKTopOB. BHAHO, 4TO AIlR 

I 
BaWTCH 3~~eKTw, CBfl3aHHwe

60IlbWHX Z KIlaCTepOB pa3HH4a B B~xOAax AoCTHraeT ABYX nopRAKOB. 
c H3MeHeHHeM yrnoBoro MoMeHTa

Heo6xOAHMO, OAHaKO, OTMeTHTb, 4TO B cIly4ae 60Ilee TR~eIl~X COCTaB-, 
npH BbmeTe KnaCTepa H H3MeHe

HblX -RA'ep- (Ar + Sm ,Ar+Au) ~TO pa3IlH4He YMeHbwaeTCR H3-3a BO,3pa t 
HHeM paBHOBeCHOH Ae~OpMaIJ;HH

CTaHHR AeIlHMOCTH. 
OCTaTOqHOI'O HApa.

~, HaKoHe4, B CIlY4ae peaK4HH 197 Au + 4OAr , npH sune r e KIlaCTe

pOB c Z> 7 o6pa3Y~TcR oCTaT04Hble RApa c 60IlbW0J:1 060Il04e4HOH 1
 
nonpaaxoã IRApa BÕIlH3H N - 1261. n03TOMY aoapac r ae r POIlb 060IlO

4e4H~X 3~~eKToB B nIloTHOCTH YPoBHeH, 4TO XopOWO BHAHO H3 pHc.6,
 

GMcrrne AaHbl oacveru c 3KcnepHMeHTaIlbHoJ:1 !'!.W (A-Av,Z-Z,JH c oõonoueu
, 
í 
\ 

n 
19~U :'ÀrHOJ:1 nonpaaxoã !'!.W(A-A,,oZ-ZI')=O. BHAHO, 4TO AIl~ KIlaCTepOB c Z = I 2. 

I 

1= 10-11 pa3HH4a Me~AY ABYMR BapHaHTaMH paC4eTa AOCTHraeT nopRAKa. 
I 

10" E"c=336 MaB 

:1. 5 
PHc.6. Pe3YRbTaTW paCqeTa noBbIBO,llbl 

J 2 HcnapHTenbHOH Mo~enH ,IJ,JIfl peaK
o I IJ;HH 197 Au « 40Ar• KpHBaH I COBna1. B paMKax cTaTHcTH4ecKoH MOAeIlH pacnaAa COCT3BHoro RApa 10 

AaeT c paCqeTHOH KPHBOH Ha npOBe~eHbl pacve ru ce4eHHJ:1 HcnàpeHHR KIlaCTepOB H3 B036y~~eHHblX 

~,
 pHc.3. KpHBaH 11 - pe3ynbTaT
COCTaBHblX RAep, 06pa3Y~lllHXCR B peaxuanx c HOHaMH 3He H Ar. 
5 

paCqeTa, npH KOTOpOM BenHqHHanOIlY4eHo YAoBIleTBopHTeIlbHoe corIlaCHe AIlR ce4eHHH o6pa30BaHHR , 
2 o60nOqeqHOH TIOnpaBKH B napaBcex KIlacTepoB c Z = 37 11 6e3 Y4eTa BepORTHOCTH o6pa30BaHHR 

10-1 , I I I MeTpe nnOTHOCTH ypoBHeH
~IlaCTepOB B RApe. 

Li Be B C N O F Ne Na !'!.W(A-A v,Z-Z v)"" o. 
7' 

o~10 • ~,4TO npa 60IlbWHX nr neneuae CTa
~ 5 • •• HOBHTCR AOM~HHPY~~HM KaHaIlOM 

2 AeB036Y~AeHHR COCTaBHoro RApa, 
10.1 Li Be S C N' o F BIlHRHHe yrnoeor'o MOMeHTa Ha 

,3 " 5 8 7 o 8 ceueuae 06pa'30BaHHR KIlaCTepOB 
B peaK4HRX c HOHaMH Ar BeIlHKO. Ha pHc.4 AIlR npHMepa npeAcTaBIleH 
pac4eTH~H B~XOA KIlaCTepOB c Y4eTOM H3MeHeHHR yrIloBoro MOMeHTa 
npH B~IleTe KIlacTepa, H~MeHeHHR páBHoBecHoH Ae~opMa4HH OCTaT04

I
,~I 

! 

11 
PHC .,3~ CpaBHeHHe 3KcrrepHMeHTanb l 
HWX ~aHHWX c pe3ynbTaTaMH pac i 2 Ag. ..40Ar qeTa no HCnapHTeITbHOH MOAenH. 
TOqKH COOTBeTCTBYWT 3KcnepHMeH EAC=338MeB
TanbHbIM ~aHHbIM 114/ nns peaKIJ;Hll 
Ag + 40Ar , 154sm + 40 Ar , 197Au + 
+ 40Ar npa 3HepI'HH HOHOB Ar, 

r 
\02 

paBHoH 336 M3B B na6opaTopHoH 'lN.% O 
\:.J 10CHCTeMe. Â. COOTBeTCTBYWT I 

axcnepaxesrram.nsm ~aHHbIM /15/ 

,IJ,JIH peaKIJ;HH Ag + 4õ Ar ripa 3Hep
rHH 300 M3B, x - peayrrs r arsr 2 
pacae-ra , F 

i 

AC~MnTOTH4eCKHH napaMeTp d 
nIloTH~cT~ 6b1Il, KaK H paaee , :.'il IB3RT a = O, 11. HecMoTPR Ha TO, li 

3
Ag .. He 

EAC=IO".S 

2 

2 3 4LI Bo B C N O F 
y 

PHC. 4. Pe syrn.r-a-rsr p ac-re-ra no -- PHC.S. PaCqeTHWH BKna~ pa3
'HcnapHTenbHoH MoAenH ~nH peaK nHqHb~ cTyneHeH HeHTpoHHoro 
IJ;HH Ag + 40Ar. Kpanan I COBna HcnapHTenhHoro Kacka~a B non
AaeT c paCqeTHOH KpHBOH Ha HblH ssrxon xrrac-repoa c Z =3,5,7 
pHc.3. KpHBaH 11 - pe3ynbTaT npn 3HepI'HH HOHOB 3He, pas aoü 

He 

6 



2. AHan\f13 pe3Y-fibTaTOB nOKa3MBaeT~ 4TO B nepSOM np\f16Il\f1>l<eH\f1\f1 
corIlac~e c 3KCnep\f1MeHTaIlbH~M\f1 AaHH~M\f1 MO)l{eT 6~Tb nony4eH9 
B npocreãurea nonxone , B KOTOpOM npaB\f1J1bHO y4\f1TbIBaIOTCR \f13MeHeH\f1e 
nnOTHOCT\f1 YPoBHe~ B oCTaTo4HblX RApax, o6pa3ylOl1.lI'1XCR nOCJ1e Bb.J1eTa 
KIlaCTepOB, 3Hepr\f1R CBR31'1 !It BHYTpeHH\f1~ Cfl\f1H KJ1aCTepa, a TaKme 
3aB\f1C\f1MOCTb BeIl\f14\f1H~ KYJ10HOBCKoro 6apbepa B3a\f1MOAe~CTB\f1R OT Z 
KIlaCTepa. AnR nY4wero Bocnpb\f13BeAeH~R 3KCnep\f1MeHTaJ1bH~X pe3YJ1b
TaTOB Heo6xoA\f1MC? y4\f1TblBaTb B pacuer ax B03MO)l{HOCTb 3MIIJCC\f1\f1 xnacre
TepOB nocne KCnapeH\f1R OAHoro \f1J1\f1 HeCKOnbK\f1X He~TPoHoB. HaKoHe4, 
AOBOIlbHO CIIJJ1bHOe BJ1\f1RHHe Ha paC4eTa Y4eTpe3YJ1bTaT~ OKa3~BaeT 

oõonouewuux 3$$ef<"foB B napaaerpe nJ10THOCT\f1 YPoBHet71 OCTaT04HblX 
RAep \f1 KOJ1JTeKHtBHbIX 3$$eKToB, CBR3aHHblX c \f13MeHeH\f1eM paauoae c> 
HOH Ae$opMa4\f1~ \f1 yrJ10BOrO MOMeHTa B OCTaT04H~X RApax. 

3. Bte nepe-racneauue oaxropu He Tpe6YlOT 06H3aTeJ1bHOrO CYl1.leCT
BOBaHHR KIlaCC\f14eC~Oro coCTaBHoro RApa, \f1 paC4eT~ MorYT 6~Tb 

np\f1MeHeHbl K A'OnrO)f(\f1BYl1.l\f1M npOMe>KYTo4HbIM C\f1CTe~aM, o6pa3yeMblM 
B npo4ecce CTOJ1KHOBeH\f1R RAep.CJ10)l{H~X 

B 3aKJ1104eH\f1e aaropu eupaxaor 6J1arOAapHOCTb aKaAeM&.1t<y r. H.óne
POBY \f1 npo$eccoPY ~.U.OraHecRHY 3a cTHMyn\f1pYIOl1.l\f1~ \f1HTepeC K pa
60Te. M~ np\f13H~TeJ1bHbI B.S.BonK08Y \f1 ~.3.neH\f10H~KeBI'14Y 3a n0J1e3
Hble o6cY>KAeH\f1R \f1 4eHHble 3aMe4aH\f1R. 
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MY3W4Ka ~.A., nYCT~nbHHK 5.H. P7-86-6 
H3Y4eHH~ 3MHCCHH KnaCTepOB B036Y~AeHHWMH COCTaBHWMH AApaMH 

Ha OCHOBe HcnapHTenbHO~ MOAenH npOBeAeHW paC4eTbl ce4eHH~ 06pa30BaHHA 
KnaCTepOB np~ pacnaAe B036Y~AeHHWX COCTaBHMX AAep c Z = 49, 65. 80. 97, 
06pa3y~~~xCA B peaK~HAX Ag + 3He B AHana30He 3HeprH~ HOHOB 3He OT 50, AO 
130 M38 H B peaK~HRX B3aHMOAe~CTBHA HOHOB 40Ar c RApaMH Ag. 154Sm H 197Au 
npH 3Hepr~~ HOHOB aproHa. paBHo~ 336 M38. AeTanbHo npoaHanH3HpoBaHo BnH
RHHe pa3nH4H~X $aKTopOB (o60n04e4Hblx 3$$eKTOB B nnOTHOCTH YPoBHe~. H3MeHe
HHA yrnoeoro MOMeHTa H paBHOBeCHO~ Ae$opMa~HH npH HcnYCKaHHH KnaCTepa 
H T.A.) Ha ce4eHHe B~neTa 'KnaCTepOB. nonY4eHO xopowee cornaCHe pe3ynbTaTOS' 
paC4eTa H 3Kcnep~MeHTanbH~X AaHH~X 6e3 npHBne4eHHR AononHHTenbHWX $aKTOpos, 
CBA3aHH~X c eepORTHOCTb~ 06pa30BaHHA KnaCTepOB B COCTaBHblX RApax . 

Pa60Ta B~nonHeHa B fla60paTopHH RAepHWX peaK~H~ O~AH. 

JlperrpsnrrOõsemmeanoro HHCTHTj'Ta JIJ.l;epllblX HCClleJJ,OBaHHlÍ'. Ilyõaa 1986 

nepeBoA fl.B.nawKeBH4 

Muzychka Yu.A., Pustylnik.8. I. P7.:.86-6 
Study of Cluster Emlssion by Excited Compound Nuclel 

On the basis of the evaporation model calculatlons have been done 
for the cross sections of cluster formation in the decay of exclted 
compound nuclel with Z = 49.• 65, 80 and 97 formed in the reactions Aq +3He 
in the 3He lon en~rgy range between 50 and 130 MeV and in the reactions 
40Ar + Ag, 40Ar + 154Sm and 40Ar + 197Au at ,an 40Ar ion energy of 336 MeV: 
The influence of various factors (shell effects in the leveI density. chan
ges In the angular momentum and In the equil ibrium deformation in cluster 
emlsslon, etc) on the cluster emlssion cross sectlon has been con51dered 
In detall. Good agreement between the calculated results and experimental 
data has been obtained wlthout using the additlonal factors assoclated 
wlth the probabll ity of cluster formatlon in compound nuclel. 

The Investigation has been performed at the Laboratory of Nuclear 
Reactlons, JINR. 
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